A Fitting Formula For The Effects Of Massive Neutrinos In The Nonlinear Regime by Boriero D.
This content has been downloaded from IOPscience. Please scroll down to see the full text.
Download details:
IP Address: 143.106.108.174
This content was downloaded on 28/04/2015 at 18:44
Please note that terms and conditions apply.
A fitting formula for the effects of massive neutrinos in the nonlinear regime
View the table of contents for this issue, or go to the journal homepage for more
2012 J. Phys.: Conf. Ser. 375 032002
(http://iopscience.iop.org/1742-6596/375/3/032002)
Home Search Collections Journals About Contact us My IOPscience
A fitting formula for the effects of massive neutrinos
in the nonlinear regime
Daniel Boriero
Instituto de F́ısica Gleb Wataghin — UNICAMP, 13083-859, Campinas SP, Brazil
E-mail: danielb@ifi.unicamp.br
Abstract. The distribution of matter on small scales will be much better known in the next
few years through upcoming surveys. To accomplish the measurement of parameters such as the
neutrino mass, the accuracy of theoretical predictions must improve accordingly. We present
an improved fitting formula for the matter power spectrum taking into account the effect of
massive neutrinos in the nonlinear regime. The method used is a modified version of HALOFIT
calibrated against N-body simulations with massive neutrinos.
1. Introduction
The most stringent limits on the neutrino mass come from the indirect effects in the clustering
processes of galaxies and clusters of galaxies. While the best kinematic limit is given by
m(νe) ≤ 2.3 eV(95% CL), measured in β decays of tritium in the Mainz experiment [1], the
current data from CMB anisotropies measured by the WMAP satellite and SDSS galaxy survey
provides an upper limit of
∑
mν < 0.44 eV(95% CL) for the sum of all neutrinos masses [2]. The
cosmological observable sensitive to the value of neutrino masses is the matter power spectrum,
which is the two point correlation function of all matter density perturbations, usually calculated
with first order perturbation theory





Massive neutrinos are introduced in the cosmological model as a hot component of dark matter.







Any candidate for hot dark matter manifests itself as a suppression of the power spectrum
on small scales, as can be seen in figure 1. This effect is caused by the presence of a non
negligible free streaming length λFS, suppressing the formation of structures smaller than this
scale (λ ≤ λFS). Although the cosmological neutrinos has never been detected directly, the
abundance of primordial light elements [3] and the position of CMB peaks [4] are indirect,
but very robust, proofs that cosmological neutrinos exist in the abundance predicted by both
standard models of cosmology and of elementary particles. The basic strategy to put better limits
or to even detect a positive signal of neutrino mass is to look for suppression in the matter power
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Figure 1. a) Power spectrum calculated from different approaches and for different neutrino
masses. b) Suppression of the power spectrum due to neutrino mass. The linear approach is
calculated with first order perturbation theory. HALOFIT is a fitting formula from N-body
simulations from [5] which neglects neutrino mass and HALOFIT+ is our N-body fit taking into
account the neutrino mass using the simulation results from [6].
spectrum at small scales. Therefore, an accurate prediction of how much the power spectrum is
suppressed as a function of neutrino mass is the main concern in the theoretical effort. The three
main issues are the degeneracy among the cosmological parameters, the bias between visible and
dark matter and the nonlinear clustering of massive neutrinos. The last issue is the one which
this work deals with. The equation 3 shows the amount of asymptotic suppression at z = 0
when only the linear term of matter overdensity is taken into account (∆P (k)/P (k)|L) and when














HALOFIT is based upon the Halo Model [7] theory of dark matter clustering. It states that the
clustering due to cosmological perturbations is decoupled from the local halo physics. Although
both effects must be included, they are independent as stated below
k3
2π2





where ∆2Q(k) is the dimensionless quasilinear contribution to the power spectrum, which is a
function of the dimensionless linear spectrum ∆2L(k) calculated with first order perturbation
theory 〈δ̃(1)(k)δ̃(1)†(k′)〉. The term ∆2H(k) describes the local effects of gravitational collapse.
Both the quasilinear and the halo terms must be calibrated against simulations. While the
quasilinear term is qualitatively predictable, the halo term depends completely on detailed
simulations. The nonlinear prediction can be seen in figure 1, where there is a visible deviation
from N-body simulations even at low redshifts and the effect is even more prominent at higher
redshifts, as can be seen in figure 2. Although HALOFIT has been used even to put upper
limits in the neutrino mass, the fit itself does not account for massive neutrino. The need to go
beyond the linear regime so far has been very limited because current surveys are not sensitive
to the very small scales, where the deviation from a correct description of nonlinearities is
large. However, in upcoming surveys, the small scales will be probed, raising the expectation
12th International Conference on Topics in Astroparticle and Underground Physics (TAUP 2011) IOP Publishing
Journal of Physics: Conference Series 375 (2012) 032002 doi:10.1088/1742-6596/375/3/032002
2
Figure 2. Deviation of HALOFIT from N-body simulations with massive neutrinos to the
power spectrum suppression for two neutrino masses.
for very tight limits for the neutrino mass and making the full nonlinear description of massive
neutrinos much more relevant. This description was done by recent N-body simulations [6],
which included the massive neutrino component for dark matter and as a result they found a







Throughout this paper, we assume that all active neutrinos have the same mass and that their
sum is given by mν ≡
∑
imνi .
2. HALOFIT for massive neutrinos
Although N-body simulations can account for the effects of massive neutrino, a fitting formula
is more useful because a simulation’s time and CPU resources make it impracticable as a tool
for cosmological parameter estimation. We propose a correction to HALOFIT specifically to
deal with massive neutrinos contribution to the clustering dynamics. We have computed this
correction fitting the suppression of the matter power spectrum caused by massive neutrinos to
the N-body simulation results of [6],
P (k, z,mν)NL = P (k, z)NL × r(k, z,mν) , (6)
where the left term is the corrected spectrum, HALOFIT+; the first term on the right is the
original HALOFIT spectrum and the second term on the right is our fitting formula calibrated
against N-body simulations. The calibration procedure is to look directly at the suppression











The calibration is made using N-body simulations provided by S. Hannestad [6], for (mν : 0 –
1.2 eV), (V : 2563, 10243, 40963), (z : 0 – 49), (k : 0.0077 – 3.9 hMpc−1). The formula that
seems to minimise most the deviation between the original HALOFIT and the N-body results
is:
r(k, z,mν) = 1 + p1mνk
[
p2k
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Figure 3. Deviation of corrected HALOFIT+ from N-body simulations with massive neutrinos
to the power spectrum suppression for two neutrino masses.
where the best-fit parameters are
{p1, p2, p3, p4, p5, p6, p7} → {0.558911, 0.0410385,−0.14217, 0.264525, 2.55267, 0.550547, 7.8116} .
(9)
The deviation of our fitting formula from N-body data is showed in figure 3, which should
be compared with the previous deviation in figure 2. In general, the original HALOFIT
overestimates the suppression which may in turn induce a proportional overestimation in the
upper bound on neutrino mass if one uses it naively at high k scales.
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